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Abstract Groundwater quality in five catchment areas in
Isfahan province of Iran is assessed by measuring physi-
cochemical parameters including major cation and anion
compositions, pH, total dissolved solid, electrical conduc-
tivity and total hardness. For this purpose, 567 piezometric
well samples were collected in October 2007. The abun-
dance of major ions in four of the catchment areas including
Gavkhuni, Ardestan, Salt lake and Central Iran desert basins
is similar and follows ClI~ > SO427 > Nat > HCO;™ >
Ca’™ > Mg*t > K > CO;*" trend, while in the fifth basin
(Karoon), the trend changes into HCO;~ > Ca*" > ClI” >
S0,*~ > Mg*" > Na™ > K" >CO5>". In general, four
water facies are determined and it is shown that alkali
elements and strong acids are dominating over alkaline
earth and weak acids. Statistical analysis including Mann—
Whitney U test indicate that physicochemical parameters in
three of the five investigated basins [Gavkhuni, Ardestan
and Central Iran desert (CID)] are similar, while Karoon
and salt lake basins display different characteristics. The
result indicate that groundwater west of the province is
suitable for irrigation, while in the central and eastern parts
of the province the groundwater loses its quality for this
purpose. It is concluded that mineral dissolution and
evapotranspiration are the main processes that determine
major ion compositions.
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Introduction

Due to the ever-increasing demand for potable and irriga-
tion water and inadequacy of available surface water, the
importance of groundwater is increasing exponentially
(Nagarajan et al. 2010). Groundwater quality is an essential
factor in the suitability of water for various purposes.
Quality of groundwater is a function of physical, chemical
and biological parameters (Joshi and Seth 2010). Moreover,
groundwater quality, i.e. of dissolved ions content, is mostly
affected by either natural geochemical characteristics
including climate, lithology, mineral weathering, nature
of geochemical reactions, solubility of salts, dissolution/
precipitation reactions, ion exchange, wet and dry deposi-
tion of atmospheric salt and evapotranspiration; or various
anthropogenic activities such as agriculture, sewage dis-
posal, mining and industrial wastes (Nisi et al. 2008; Singh
and Chandel 2006; Jiang and Yan 2010; Tatawat and
Chandel 2008). Over the last few decades, competition for
economic development, associated with rapid growth in
population and urbanization, has further affected the
groundwater quality due to over exploitation and increasing
demand for agriculture, domestic and industrial water
supply, as well as improper sewage flow and solid waste
disposal (Jameel and Sirajudeen 2006; Marghade et al.
2010). Intensive cultivating and urban development has
caused a high demand on groundwater resources in arid and
semiarid regions of the world and Iran while putting these
resources at greater risk to contamination (Asghari Mog-
haddam and Najib 2006; Giridharan et al. 2008; Jalali 2007;
Tayfur et al. 2008; Aghazadeh and Moghaddam 2010).
Hence, to utilize and protect valuable water sources effec-
tively and predict the change in groundwater environments,
it is necessary to understand the hydrochemical parameters
of groundwater such as pH, electrical conductivity (EC),
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total dissolved solids (TDS), sodium absorption ratio
(SAR), total hardness (TH), major anions (CO327, HCO;™,
Cl™ and SO,*7) and major cations (Ca>™, Mg”, Na' and
K™) concentrations (Prasanna et al. 2010; Guendouz et al.
2003; Edmunds et al. 2006). In Iran, groundwater is the
primary source of water for irrigation as well as human
consumption and industrial use. The Isfahan province with a
surface area of approximately 107,090 km? is located in the
center of Iran. It is an important industrial center and con-
tains several metalliferous and non-metalliferous ore
deposits. The provincial capital (Isfahan city) is the third
populated city in Iran and because of its historic sites is an
important tourism center that is visited by thousands of
national and foreign tourists. In the second half of the
twentieth century, rapid population growth and increasing
demand for groundwater has led to depleting groundwater
supply. The intense withdrawal of groundwater in many
areas has resulted in land subsidence.

The main objectives of this research are to determine
geochemical characteristics of Isfahan groundwater, eval-
uate groundwater quality, and asses its suitability for
drinking and irrigation. Geochemical processes responsible

for the groundwater chemistry in Isfahan province will also
be looked upon.

Study area

Isfahan province is located in central Iran and lies between
north latitude 30°43'-34°27" and east longitude 49°38'—
55°32'. Tt includes 21 townships. The surface of the study
area which is mostly desert is 107,090 km?. Tn 2008, the
population of Isfahan province was reported to be
4,559,256, of which 83% is urban and 17% is rural. Isfahan
province climate is highly variable, i.e. arid and semi-arid
in eastern and central parts, and semi-humid in western
parts. The annual mean temperature is 16.7°C, ranging
from minimum 10.6°C in winter to maximum 40.6°C in
summer. Average annual rainfall in eastern, central and
western parts, is 90, 177 and 513 mm, respectively. Rain-
fall mainly occurs in winter and spring season (Fig. 1b).
Groundwater is an important water resource for drinking,
agriculture and industrial uses in the study area. Low
precipitation and overexploitation of groundwater resour-
ces in recent years have caused an extensive groundwater
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Fig. 1 a Sampling wells location and drainage basin maps, b precipitation map and ¢ Piezometric map of the study area
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level decline in this plain prohibiting further development
of the aquifer.

Geology and hydrogeology

Geologically Isfahan province contains part of different
geological zones of Iran, including Central Iran, Sahand-
Bazman volcano-magmatic belt, Sanandaj-Sirjan meta-
morphic belt and Zagros folded belt (Nabavi 1976). The
basement of the study area is mostly windblown sand
deposits (Loess), alluvial fan deposits, marl, shale, gypsum
and halite in the east (Lut block and center zone of Iran);
anhydrite, halite, marl (Center zone of Iran), andesitic and
dacitic tuff (Sahand—Bazman magmatic belt) in the center,
and phyllite, slate, metasandstone (Sanandaj-Sirjan zone)
and thick bedded limestone (Zagros fold belt) in the west.
Structural and tectonic history of Isfahan indicates several
episodes of deformation, resulting in repeated folding,
faulting, jointing and fracturing (Fig. 2).

Hydrologically Isfahan is located in Kavir-e-Markazi
catchment area and can be divided into five zones based on
drainage basins and major aquifers including Gavkhuni
(central), Salt lake (north), Ardestan (central to eastern),
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- Metamorphic rocks( low to intermediate grade) ~

- Igneous rocks ( acidid to intermediate)
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Karoon (western) and CID (eastern) (Fig. l1a). Table 1
represents the hydrogeological characteristics of the five
catchment areas. The aquifers in the study area mostly
unconfined and occur in alluvial plains. The average allu-
vium thickness is about 76.1 m while maximum thickness
is 225 in the middle of Gavkhuni catchment area (Isfahan
Regional Water Authority 2007). The average depth of
wells in the Gavkhuni, Ardestan, CID, Salt lake and
Karoon catchments is 58.27, 65.25, 56.5, 61.31 and
66.5 m, respectively. Average discharge in the five catch-
ments areas is also 12.65, 14.4, 12.47, 14.56 and 15.4 1/s,
respectively. The current annual rate of groundwater
withdrawal is about four million cubic meters. Ninety-three
percent of exploited groundwater is used for agriculture,
6% for drinking and 1% is used by the industry. The pie-
zometric map of water table on the basis of 567 measure-
ments in October 2007 is presented in Fig. 1c. This map
shows the main direction of groundwater flow in the five
investigated catchment areas. Eight ephemeral streams
flow in the area, however, the linear recharge is insignifi-
cant, except for Zayandehrud river in the west. Therefore,
rainfall is the main source of recharge, particularly in
the eastern regions. Comparison between the present

Geological Map of Isfahan Province
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Fig. 2 Geological map of Isfahan province along with and sedimentary and structural zones of Iran (modified after Stocklin 1977)
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Table 1 Hydrogeological characteristic of the five catchment areas

Geological units

Flow
direction

Precipitation
(mm)

Mean

Discharge (1/s)
Min.

Max.

Mean

Type Sample Depth of well (m)
Max. Min

Subcatchment

Catchment

@ Springer
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piezometric map and an older one prepared 30 years ago,
reveals significant water table drop in the five catchment
areas. For example, in Zayandehrud catchment area the
piezometric level has dropped from 17 to 30 m. The reason
is said to be intense over-pumping and rapid development
of agriculture and industry, especially in Gavkhuni basin.

Materials and methods

Sampling was carried out by Isfahan regional water orga-
nization from 567 piezometric wells during October 2007,
including 33 samples from Karoon basin, 298 samples
from Gavkhuni basin, 124 samples from Salt lake basin, 84
samples from Ardestan and finally 28 samples from CID
basin (Fig. l1a). Physicochemical parameters including
temperature, EC and pH were measured in situ using por-
table measuring instruments immediately after sampling.
Dry, clean and sterilized polyethylene bottles (1 1) were
used for water sampling. The bottles were triple washed by
the water to be sampled before sampling. The collected
samples were labeled, sealed and transported to the labo-
ratory and preserved in refrigerator at a temperature of
about 4°C until analysis. Water samples were analyzed for
chemical constituents such as sodium, potassium, calcium,
magnesium, chloride, bicarbonate, carbonate, sulfate and
TDS in the laboratory using standard methods within 48 h
after sampling (Table 2). TDS were measured by evapo-
rating a pre-filtered sample to dryness. The accuracy of the
chemical analyses was verified by calculating ion-balance
errors. The errors were generally around +5%. TH, SAR,
sodium percent (Na%) and residual sodium carbonate
(RSC) were calculated using equations in Table 3. The
PHREEQC computer software was used to calculate the
distribution of aqueous species and mineral saturation
indices (SI). Correlation coefficient, factor analysis (FA)
and Mann—Whitney U test were determined to reveal the
relationship between parameters, using SPSS 17 and
Minitab 13 software packages.

Table 2 Estimation of various physicochemical parameters by dif-
ferent methods

Parameters Method

Chloride (mg/1)
Carbonate (mg/1)

AgNOs; titration
Titrimetry
Bicarbonate (mg/1) Titrimetry
EDTA titration
EDTA titration

Flame photometry

Magnesium (mg/1)
Calcium (mg/1)
Sodium (mg/1)
Potassium (mg/l)
Sulfate (mg/1)

Flame photometry

Spectrophotometer
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Table 3 Equations used in calculating SAR, Na%, TH, RSC and CIA

Equation Parameters References
a SAR = — 2o Rechard
Ve (1954)
b Na% — _ (Na*+K*) 100 Wilcox
at (Ca‘*+Mg“+Na*+K*) x (1955)
c TH = 2.497Ca>" 4 4.115Mg>* Todd
(1980)
d RSC = (HCOj +CO3™) — (Ca** + Mg*") Eaton
(1950)

Groundwater chemistry

The quality of groundwater is important because it deter-
mines the suitability of water for drinking, domestic,
agricultural and industrial purposes (Tatawat and Chandel
2008). Table 4 illustrates the physicochemical parameters

of Isfahan groundwaters in all basins indicating minimum,
maximum, median and mean values. The chemical com-
position of groundwater samples (n = 567) covers a wide
range. pH values of Isfahan groundwater varies from 7 to 9
with a mean of 8.14, indicating a neutral to slightly alkaline
water. Nearly 7% of the samples display pH values above
WHO standard (2004). Water conductivity in the study
area varies from 167 to 19,600 ps/cm with an average of
2,755 ps/cm (Fig. 3). maximum allowable limit for EC in
drinking water is 1,500 ps/cm according to WHO standard.
Therefore, EC values of 50% of the samples is above the
standard value. TDS values range from 109 to 13,720 mg/l,
with a mean value of 1,913 mg/l. Groundwater with
high TDS is not suitable for both irrigation and drinking
purposes (Fetters 1990). TDS in 48% of the samples
exceed the desirable limit given by WHO (Fig. 3). The
mean concentration of cations (mg/l) indicates that
Na' > Ca®" > Mg®>" > K" in Gavkhuni, Ardestan, Salt

Table 4 The statistical summary of physico-chemical parameters in the study area

Parameters Depth Discharge pH EC TDS  COs*>~ HCO;~ CI- SO~ Cca*t Mg>*  Nat K*
(m) (I/s) (us/cm) (mg/l)  (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)  (mg/l) (mg/l)
Karoon (n = 33)
Mean 66.5 154 7.93 355 230 0.55 167.97 19.87 19.05 46.94  12.59 6.97 4.03
Median 8.1 327 213 0 170.74 10.64 14.98 48.09 10.94 2.3 391
Minimum 18 7 6.9 254 165 0 60.98 7.09 0.48 16.03 6.08 2.3 391
Maximum 140 42.5 8.5 750 488 6 225.63 134.71 82.13 66.13  23.09 45.98 7.82
Gavkhuni (n = 298)
Mean 58.27 12.65 8.2 3,176 2,226  3.92 164.11 763.77 413.71 163 90.38 396.31 6.42
Median 8.2 1,633 1,143 0 146.35 216.25 309.18 83.16  46.17 206.91 391
Minimum 13 4.3 7.2 167 109 O 48.78 3.55 0.48 12.02 3.65 2.3 0.39
Maximum 144 40 89 19,600 13,720 2399 1,11593 6,664.6 3,606.73 11,1823 8748 3,195.61 54.73
Salt lake (n = 124)
Mean 61.31 14.56 811 1,679 1,094 2.1 195.33 294.71 249.68 95.84  39.48 197.2 5.1
Median 8.17 1,049 685 0 170.74 106.35 89.62 56.11  23.09 109.2 391
Minimum 18 4.62 6.98 211 137 0 54.88 3.55 0.48 20.04 243 2.3 0.39
Maximum 131 35 891 12,840 8,271 35.99 914.7  3,38548 1,925.15 617.2  256.37 1,889.09 24.63
Central Iran Desert (n = 28)
Mean 56.5 12.47 829 5,869 4,087 4.71 16421 1,618.8 545.37 126.32  70.6  1,092.85 7.12
Median 8.3 4,845 2,891 0 158.55 1,095.41 497.59 108.21  62.57 883.97 391
Minimum 14 6 7.8 581 378 0 121.96 63.81 63.29 32.06 10.94 68.97 391
Maximum 115 22.7 8.6 13,310 9,317 23.99 280.51 4,466.7 1,275.38 400.78 218.7  2,459.93  23.45
Ardestan (n = 84)
Mean 65.25 144 798 257 2,016 0.71 217.42 566.02 441.98 143.59  55.12 388.97 5.31
Median 8 1,856 1,323 0 201.23 258.79 364.98 97.19  46.17 236.8 391
Minimum 16 0.25 7.1 350 228 0 67.08 14.18 5.31 26.05 6.08 6.9 391
Maximum 130 37.7 84 12,290 10,000 12 493.94 3,899.5  1,449.78 671.31 218.7 1,938.06 15.64
WHO (2004)
Guideline value 6.5-8.5 1,000 - 240 250 250 200 150 200 200
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Fig. 3 Contour maps of
physicochemical parameters in
Isfahan province aquifers

lake and CID basins, while in the Karoon basin the trend
changes to Ca®" > Na' > Mg®>" > K". Similarly, the
mean concentration of anions (mg/l) displays the following
decreasing trend: Cl™ > S0,%~ > HCO;™ >> CO5*™ in
the first four basins, while in Karoon basin it changes to
HCO;~ > CI~ > SO~ >> CO5;*". Sodium content in

@ Springer

45% of the analyzed samples exceeds the desirable limit of
200 mg/l (WHO 2004). The high concentration of Na™ is
probably the result of weathering of rock forming minerals
such as halite and sodium plagioclase along with anthro-
pogenic sources including industrial, domestic and animal
waste (Freeze and Cherry 1979). Calcium content in 19%
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Fig. 4 Piper diagrams of five catchment areas in Isfahan province
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of the analyzed samples exceed WHO standard (Fig. 3).
The concentrations of calcium ranges from 12 to 1,182 mg/I.
Calcium can be derived from either weathering of
carbonate minerals (calcite, dolomite and aragonite) or
leakage of chemical fertilizers (Prasanna et al. 2010).
Magnesium and potassium contents range from 2.4 to
874 mg/1 and 0.39 to 54 mg/l, respectively. Twelve percent
of the magnesium content is above WHO standard, while
potassium concentration is below the WHO guideline value
(Fig. 3). The major source of Mg®" in groundwater is
probably Mg-bearing minerals and anthropogenic wastes
(Marghade et al. 2010). Chloride content varies from 3.54
to 6,664 mg/1 (Fig. 3). Nearly 43% of the analyzed samples
display chloride content above the standard value (250 mg/l;
WHO 2004). Sulfate content ranges from 0.48 to
3,666 mg/l whereby 48% of samples exceed WHO stan-
dard (Fig. 3). The major source of sulfate in groundwater is
weathering of sulfur-bearing minerals such as gypsum,
anhydrite and sulfide minerals along with industrial and
mining waste (Fianko et al. 2009). Most of the sulfate in
water samples comes from anhydrite- and halite-bearing
sediments. Such sediments are more abundant and exposed
in the eastern parts of Isfahan (CID, Ardestan and east parts
of Gavkhuni and salt lake catchments). Carbonate content
ranges between 0 to 35 mg/l whereas bicarbonate ranges
from 48 to 1,115 mg/l (Fig. 3). The principal source of
HCOj;™ is dissolution of carbonate minerals, and secondary
sources can result from dissolution of CO, by anoxic bio-
degradation of organic matter from anthropogenic sources
such as industrial and domestic sewage and buried waste in
landfills (Subrahmanyam and Yadaiah 2000).

Water type

Major cations and anions in meq/l were plotted on a tri-
linear Piper diagram (Piper 1944), using rockworkl4
software to evaluate the hydrochemistry of groundwater in
the five investigated basins in Isfahan province (Fig. 4).
The results show that the majority of groundwater samples
fall in the field of Na™ + K™ — ClI~ + SO, and
Na®™ + K — CI water type (48.24 and 21.92%), while
13.15% plot in the Ca’t — HCO;5;™, 9.12% in mixed-
HCO;™ and 7.57% in the Ca®" + Mg>™ — HCO; ™~ fields

Table 6 Mann—Whitney U test between physicochemical parameters
in the five studied basins

Mann—Whitney Salt Central Iran ~ Ardestan ~ Karoon
U test lake desert

Gavkhuni 0.000  0.352 1.350 0.000
Salt lake 1 0.008 0.000 0.001
Central Iran desert 1 0.223 0.000
Ardestan 1 0.000

(Table 5). Chloride and sulfate groundwater mostly occurs
in CID, Ardestan and the east part of Gavkhuni and Salt
lake catchments, while bicarbonate groundwater mainly
fall in Karoon, and west of Gavkhuni and Salt lake
catchments. It is clear that in the center and east of Isfahan
province, alkali elements (Na™ and K*) content is signif-
icantly higher than alkaline earth elements (Ca*" and
Mg”). Strong acid anions (CI™ and SO427) also exceed
weak acid anions (CO327 and HCO3;7). Abundance of
alkali elements is probably the result of dissolution of
gypsum, halite, anhydride and alkali feldspar minerals in
the aquifer matrix. Alkaline earth content is significantly
higher in the west of the study area, reflecting dissolution
of calcite, dolomite and other Ca-bearing minerals.

Mann—Whitney U test

The Mann—Whitney U test is used to compare the mea-
sured physicochemical parameters in the five investigated
aquifers. This test is nonparametric and is based on ranked
sums that compare the medians of two independent
samples (Moore and Cobby 1998). The mean result of
Mann—Whitney U test for the measured physicochemical
parameters (EC, TDS, HCO;~, SO,*~, CI~, Ca®" and Na™)
in Table 6 shows that Gavkhuni, Ardestan and CID basins
have p value >0.05 and thus have similar physicochemical
parameters, while Karoon and Salt lake basin are different.

Correlation coefficient
Correlation analysis estimates the relationship between any

pair of variables (ions). The distribution of ions in ground-
water samples are non-parametric, therefore spearman rank

Table 5 Water types, facies

. . Water type Facies Total no. of Percent Basin
and their percentage in
samples (%)
groundwaters
HCO;™ HCO;™ — Ca*t 75 13.15 Karoon, Salt lake, Gavkhuni
HCO;~ — mix 51 9.12 Salt lake, Gavkhuni
HCO;™ — Ca®t + Mg*" 43 7.57  Gavkhuni
Cl - Cl™ — Na'™ + K" 124 21.92  Salt lake, Gavkhuni, Ardestan
ClI™ — SO CI” +S0,.% — 274 48.24  Salt lake, Gavkhuni, CID, Ardestan
Na* + K*
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Table 7 Spearman correlation coefficient among various water quality parameters

Parameters ~ EC TDS pH CO;2~ HCO;~ CI” S0, ca*t Mg®>t  Na® K* TH
EC 1.000

TDS 0.981 1.000

pH —0.424 —0.419 1.000

co3 —0.312 —0.308 0.734 1.000

HCO; 0.176  0.171 —0.499 —0.399 1.000

Cl 0.965 0.960 —0.372 —0.291 0.132 1.000

SO4 0.865 0.858 —0.321 —0.226 0.136 0.793 1.000

Ca 0.867 0.867 —0.630 —0.494 0.236 0.828 0.765 1.000

Mg 0.887 0.888 —0.374 —0.282 0.156 0.873 0.792 0.782 1.000

Na 0.975 0.968 —0.355 —0.261 0.160 0.963 0.869 0.812 0.848 1.000

K 0.555 0.559 —0.258 —0.195 0.105 0.579 0.438 0.493 0.539 0.549 1.000

TH 0934  0.934 —0.529 —0.401 0.217 0.905 0.829 0.941 0.934 0.881 0.539 1.000

Table 8 Rotated matrix with three components and characteristic
parameters

Parameters Component
1 2 3

EC 0.97 —0.12 0.11
TDS 0.97 —0.12 0.11
pH —0.23 0.82 —0.24
CO; —0.10 0.85 —0.03
HCO; —0.03 —0.40 0.81
Cl 0.95 —0.10 0.05
SO, 0.70 —0.08 0.15
Ca 0.86 —0.30 —0.12
Mg 0.89 —0.11 0.17
Na 0.92 —0.04 0.17
TH 0.94 —0.23 0.02

correlation is used in this study to measure correlation
between ions. The correlation coefficients for 11 quality
parameters are presented in Table 7. The highest correlation
occurs between EC and TDS in p value <0.01 (0.981). EC,
TDS and TH display good positive correlation with Ca®™,
Mg”, Na*, Cl™ and SO427. The correlation between Na™
and Cl™ is generally used to identify the mechanism of
salinity in arid and semi-arid regions (Ganyaglo et al. 2010).
Na' and CI™~ exhibit high correlation coefficient in p value
<0.01 (0.964). The observed high concentration of these
ions measured in the majority of samples, indicate the pre-
dominance of chemical weathering and leaching of chloride
salts (mostly halite). Calcium and sulfate ions are positively
correlated in p value <0.01 (0.791) reflecting dissolution of
sulfate minerals, specially gypsum and anhydrite. The
SO,*7/Ca*" molar ratio is greater than 1, indicating that
calcium and sulfate do not follow a similar geochemical
pathway. In fact, sulfate remains dissolved while calcium is

precipitated as calcite. The significant correlation between
SO,*~ and Mg?* (0.79) and SO,*~ and Na™ (0.86) suggests
that part of these ions is derived from the weathering of
magnesium and sodium sulfate minerals. Correlation coef-
ficient between Calcium and bicarbonate in Karoon basin
and west of Gavkhuni basin is significant (0.38). These
regions consist of carbonatic formations and calcite is the
probable sources of Ca®". Correlation between Ca*" and
HCO;™ east of Gavkhuni, Ardestan, Salt lake and CID
basins is poor indicating that in addition to calcite, disso-
lution of other mineral phases is also important.

Factor analysis

The goal of FA is reduction of dimensionality and is to
explain as much information contained in the data as
possible in as few components as possible (Harman 1976;
Johnson and Wichern 2002; Reimann et al. 2002). FA was
carried out using SPSS version 17 software with principal
component analysis (PCA) method and varimax rotation in
order to determine the optimum number of factors. The
solution using the eigenvalue 1 in three components
explain 82.32% of the total variance (Table 8). Component
1 indicate that EC, TDS, TH, Na*, Ca**, Mg*", Cl~ and
SO,*~ explain 57.80% of the total variance. It represents
halite and evaporites from the underlying geologic forma-
tions (sulfate and chloride water types). The constituents in
component 2 are pH and CO;>~ and explain 14.58% of
total variance. Component 3 is explains 9.66% of the total
variance defined by bicarbonate and probably indicates
weathering of carbonate minerals (Fig. 5).

Irrigational quality of groundwater

Excessive concentration of dissolved ions in water can
affect plants and physicochemical properties of soils, and
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Table 9 Classification of Isfahan province groundwater on the basis

of physicochemical parameters

Parameters  Range Water class  Number of  Percent
sample (%)
Na% 20 Excellent 111 19.5
20-40 Good 103 18.6
40-60 Permissible 216 38
60-80 Doubtful 122 21.51
80 Unsuitable 15 2.64
SAR 10 Excellent 476 82.36
18 Good 73 12.87
18-26 Doubtful 14 2.46
26 Unsuitable 5 0.88
EC 250 Excellent 11 1.94
250-750 Good 169 29.8
750-2,000 Permissible 161 28.39
2,000-3,000 Doubtful 64 11.28
3,000 Unsuitable 163 28.74
RSC <1.25 Good 567 100
1.25-2.5 Doubtful 0 0
2.5 Unsuitable 0 0
TH <75 Soft 0
75-150 Moderately 72 7.4
hard
150-300 Hard 194 34.21
>300 Very hard 300 5291
TDS <1,000 Fresh 288 50.79
1,000-3,000 Slightly 166 29.27
saline
3,000-10,000  Moderately 107 18.87
saline
1,000-35,000  High saline 7 1.23
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lead to lower productivity and destruction of soil structure
(Ravikumar et al. 2010; Yidana et al. 2008a, b; Dar et al.
2010). The chemical effects disrupt plant metabolism while
the physical effects lower permeability in soil and reduce
osmotic pressure in the plant cell structure, therefore pre-
venting water from reaching branches and leaves (Sahinci
1991). In Isfahan province, surface water is limited
(especially in central and eastern regions), therefore, irri-
gation mainly depends on groundwater. Irrigation suit-
ability of groundwater in Isfahan province is evaluated by
measuring EC, SAR, %Na, TH, TDS and RSC. The results
are presented in Table 9.

The EC (salinity hazard) and Na concentration (sodicity
or alkalinity hazard) are usually considered important in
classifying irrigation water. High EC in groundwater leads
to formation of saline soil, whereas high Na content causes
alkaline soil (Nagarajan et al. 2010). According to Rich-
ards, (1954), based on EC 1.94% of samples have excellent
quality, 29.8% of samples have good quality and 28.39% of
samples fall in permissible quality. The remaining 40%
belong to high salinity category, indicating that the water
exceeds the permissible quality and is not suitable for
irrigation. The majority of saline groundwater samples
belong to the central part of Gavkhuni basin, Ardestan and
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CID basins. The calculated values of SAR in the study area
(Eq. a in Table 3) varies from 0.06 to 33.89 meq/l. The
correlation between SAR and EC are also plotted on the US
salinity diagram (Fig. 6). It is found that 31.73% of sam-
ples fall in the C1S1 and C2S1 fields, indicating low to
medium salinity and low alkalinity, which are suitable for
irrigation of most crops and majority of soils with little
danger of exchangeable sodium (mostly in Karoon catch-
ment). 44.61% of groundwater samples fall in the fields of
C3S1, C3S2 and C4S2, indicating high salinity and low to
medium alkalinity, suitable for plants with good salt tol-
erance and also restricted suitability for irrigation of soils
with restricted drainage (west of Gavkhuni, Salt lake and
Ardestan catchments). 23.66% of water samples fall in
C4S3 and C4S4 fields and are not suitable for irrigation
(in Central Gavkhuni, east of Ardestan and Salt lake, and in
CID catchments).
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Fig. 8 Relationship between EC and Na*/Cl™ ratio in groundwater
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Processes regulating groundwater chemistry

Reaction between groundwater and aquifer minerals play a
significant role in water quality, which is also useful in
understanding the genesis of groundwater (Prasanna et al.
2010). Hence, Gibbs diagram were employed to asses
hydrochemical processes such as precipitation, rock
weathering and evaporation on water chemistry in the five
investigated aquifers in Isfahan provinces. Figure 7 illus-
trates that all groundwater samples in Karoon basin, 70%
of the samples in Salt lake basin and 50% of samples in
Gavkhuni basin (central and western parts) fall in the rock
weathering field, suggesting weathering of minerals such as
carbonates and silicates. 90, 80 and 50% of samples in
CID, Ardestan and Gavkhuni (east) plot in the evaporation
zone. The climate east of Isfahan province is arid, hence
groundwater evaporation is a common phenomenon.
Evaporation increases salinity through increasing Na* and
Cl~ content and hence TDS. High Na*™ and CI~ content
detected in samples collected from central and eastern
regions, suggest chloride salt dissolution. Na*/CI~ ratio
has often been used to identify the mechanisms for
acquiring salinity and saline intrusion in semi-arid regions
(Magaritz et al. 1981; Dixon and Chiswell 1992; Sami
1992; Jalali 2005). If evaporation is the dominant process
Na™/Cl~ ratio should remain constant with increasing EC
(Jankowski and Acworth 1997). The plotting of ground-
water samples in Na®/Cl~ versus EC scatter diagram,
shows that the trend line is horizontal (Fig. 8) revealing
that evapotranspiration is responsible for high Na™ and C1~
content in the groundwater. Anthropogenic activity such as
the use of agriculture fertilizers and irrigation return flow,
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Fig. 9 Plots of saturation indices with respect to carbonate and evaporate minerals against TDS

also influence the evaporation by increasing Na™, C1~ and
thus TDS.

It is obvious that, mineral dissolution and evaporation
are the major processes that regulate water chemistry in
Isfahan aquifers. Therefore, Saturatin indices of ground-
water samples with respect to evaporites (gypsum anhy-
drite and halite) and carbonates (calcite, dolomite and
aragonite) minerals, as well as activity of ion species were
calculated using PHREEQC computer software version 2
(Appelo and Postma 1999) via the following equation:

@ Springer

SI = log(IAP/Ky)

where TIAP and Ky are ion activity product and solubility
product constant of minerals at the sample temperature,
respectively. PHREEQC uses ion activity and Debye-Hiic-
kel expression to compute the coefficient activity. This type
of aqueous model is adequate for low ionic strength (lower
than sea water), and hence is suitable for groundwater in the
study area (Parkhurst and Appelo 1999). Saturation indices
of carbonate and evaporate minerals vary within



Environ Earth Sci (2012) 67:107-120 119
cT;lt:i)en;t(; g\c]le:\i/gai)osrlat?r Drainage basin Aragonite Calcite Dolomite Anhydrite Gypsum Halite
minerals in groundwaters Karoon 021 0.36 0.48 —2.86 —2.64 —725
Salt lake 0.47 0.61 1.17 —-1.97 —1.75 —5.11
Gavkhuni 0.56 0.70 1.47 —1.62 —1.40 —4.65
Central Iran desert 0.56 0.71 1.53 —1.46 —1.25 —3.16
Ardestan 0.49 0.63 1.21 —1.43 —1.21 —4.28

groundwater catchment areas (Fig. 9). Groundwater samples
are classified into three categories: oversaturated (SI > 0),
saturated (0 < SI < —1) and undersaturated (SI < —1). The
average SI values for minerals in the five investigated
aquifers are shown in Table 10. Nearly all water samples are
oversaturated with respect to calcite, dolomite and aragonite
(SI > 0). Therefore, water chemistry in the study area seems
to be largely affected by the dissolution of carbonate min-
erals. Saturation indices of halite varies between —8.06 and
—1.87 (Fig. 9) while SI values of anhydrate and gypsum
ranges from —4.37 to —0.18 and —4.15 to 0.04, respectively,
revealing that halite does not play an important role in the
groundwater chemistry. 83 groundwater sample in Gavkhuni
and 147 samples in CID, Salt lake and Ardestan basins are
saturated with respect to gypsum and anhydrate. Therefore,
except for Karoon basin which is oversaturated with Car-
bonate minerals, the chemical composition of groundwater
in other aquifers is determined by the dissolution of car-
bonate and sulfate minerals.

Conclusion

Ionic concentration, TDS, EC and other groundwater
quality parameters in Isfahan province suggest that climate,
lithological units and residence time are major controlling
factors of groundwaters chemistry. The quality of
groundwater in alluvial fan deposits, and gypsiferous and
halite-bearing sediments in central Gavkhuni, eastern parts
of Ardestan, Salt lake, and CID catchment basins is not
suitable for drinking and irrigation due to high chloride and
sulfate ion content, and can result in adverse affects in
crops, soils and human. Groundwater in carbonatic for-
mations (Karoon basin) and igneous rocks (between Gav-
khuni and Ardestan basins) have good quality and is
suitable for various purposes. Due to arid to semi-arid
climate, the indiscriminate exploitation of groundwater,
and recent drought, salinity of groundwater in Isfahan
province (especially in eastern parts) has remarkably
increased. Salinity has reached a point where sulfate min-
erals are close to the saturation boundary. Considering the
important role played by groundwater in the development
of Isfahan province, particularly east of the province,
urgent management plans are needed to supervise the

exploitation of groundwater resources in this province and
prevent further deterioration of groundwater quality.
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